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Antibacterial activityAbstract A ligand L has been synthesized by the condensation of 4-chlorobenzaldehyde and
2-amino-5-chlorobenzophenone. The complexes 1–5 of Pb+2, Ni+2, Co+2, Cu+2 and Cd+2 with
ligand were prepared. The newly synthesized ligand L and its complexes 1–5 were characterized
on the basis of elemental analyses, molar conductance, 1H NMR, IR and MS spectral data. The
ligand was also characterized by X-ray crystallography. By electronic spectra and magnetic moment
data, the square planar geometry for complex 1 and the octahedral geometry for complexes 2–5
were proposed. The conductivity data suggests non-electrolytic nature of the complexes 1–5. The
complexes have higher antibacterial activity than the parent ligand L.
ª 2012 Production and hosting by Elsevier B.V. on behalf of King Saud University.1. Introduction
The Schiff bases are more frequently applied for the welfare of
mankind with the passage of time. The Schiff bases are out-
standing ligands in metal co-ordination chemistry (Azam
et al., 2007; Aydogan et al., 2011) and can be prepared by
the reaction of ketones or aldehydes and amines in acidic or
basic medium and form stable complexes with most transition
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ation of Schiff base ligands with transition metals increases the
biological activities e.g. antibacterial (Karthikeyan et al.,
2006), antifungal (Singh et al., 2006), herbicidal (Samadhiya
and Halve, 2001), anti-inﬂammatory (Sathe et al., 2011), anti-
cancer (Sharma et al., 1998), antituberculosis, antitumor (Hod-
nett and Dunn, 1970), anticonvulsant (Verma et al., 2004) and
anti HIV (Pandeya et al., 2000), of the ligand and also de-
creases the cytotoxic effects of the ligand and metal ion on
the host (Tra´vnı´cˇek et al., 2001). Schiff base ligands have also
been used as powerful corrosion inhibitors (Agarwal et al.,
1992) and complexing agents (Oshima et al., 2002).
Keeping the above facts inmind, we report herein the synthesis
and characterization of Schiff base ligand derived from the con-
densation of 4-chlorobenzaldehyde with 2-amino-5-chlorobenzo-
phenone, followed by complexation with Pb(II), Ni(II), Co(II),
Cu(II) and Cd(II) metals and also their antibacterial activity.2. Experimental
2.1. Chemistry
All reagents and solvents were used as purchased from Merck.
The metal salts were used as metal (II) acetate or chloride in
hydrated form [Pb(CH3COO)2Æ3H2O, Ni(CH3COO)2Æ4H2O,
CoCl2Æ6H2O, CuCl2Æ2H2O, Cd(CH3COO)2Æ2H2O]. The electric
Mettler Toledo balance, model AL 204 was used for the weigh-
ing. Melting points were recorded on Gallenkamp apparatus
and are uncorrected. The IR spectra were recorded on Thermo
Nicolet Avatar 320 FT-IR spectrophotometer by using the
KBr pellet. The 1H NMR spectra were recorded on a Bruker
AMX-400 spectrometer in DMSO-d6. The chemical shifts (d)
were reported in ppm, relative to tetramethylsilane as an inter-
nal standard, and the scalar coupling constants (J) are re-
ported in Hertz. The FAB mass spectra were obtained from
JEOL SX102/DA-6000 mass spectrometer using glycerol asFigure 1 Synthesis of Schiff base ligand L amatrix and ions are given in m/z. Elemental analyses were car-
ried out on Perkin Elmer 2400 Series II elemental analyzer.
The molar conductances were determined on Jenway 4010 at
room temperature in DMSO solution (1 · 103 M). The mag-
netic moments were recorded on Guy-type magnetic balance
(Hertz SG8SHJ) while the electronic spectra were carried out
on Specord 200 UV–Vis spectrophotometer. Preparative
TLC was performed using pre-coated silica gel G-25-UV254
plates followed by detection at 254 and 366 nm.
2.2. Preparation
2.2.1. Preparation of ligand L
The solution of 4-chlorobenzaldehyde (0.01 mol in 50 mL etha-
nol) was mixed in 2-amino-5-chlorobenzophenone (0.01 mol in
50 mL ethanol) along with adding three drops of conc. H2SO4.
Then this mixture was stirred at 70 C for about 5 h. Excess sol-
vent was evaporated on rotary evaporator from the resulting
solution to concentrate it to one third of its initial volume and
after acetone addition, it was cooled. Yellow colored crystals
were obtained by keeping reactionmixture overnight at ambient
temperature. Recrystallizationwas carried out inmethanol after
washing with cool methanol. Anhydrous CaCl2 was used for
drying purpose. During the reaction, time to time examination
of reaction was made by TLC till completion (Fig. 1).
2.2.2. General procedure for the preparation of complexes 1–5
The methanolic solution of respective salts [(Pb(CH3COO)2Æ3-
H2O, Ni(CH3COO)2Æ4H2O, CoCl2Æ6H2O, CuCl2Æ2H2O,
Cd(CH3COO)2Æ2H2O] was slowly mixed to hot stirring metha-
nolic solution of ligand L in 2:1 (L:M) molar ratio. The reac-
tion mixture was kept under reﬂux for 45 min. The 1 N NaOH
in MeOH was added drop wise to maintain the pH for com-
plex formation and precipitation of complexes. The precipi-
tates were ﬁltered, washed with cold methanol and dried
over anhydrous CaCl2 under vacuum.nd proposed structures of complexes 1–5.
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A modiﬁed method reported by Aslam et al. (in press) was em-
ployed for the measurement of diameter of zone of inhibition
for antibacterial assay and then calculation of % inhibition
was carried out.
3. Results and discussion
3.1. Chemistry
The ligand L was obtained as a yellow transparent crystalline
solid and soluble in most common organic solvents and water
except ether. The complexes 1–5 of ligand were obtained as so-
lid and the decomposition temperatures of these complexes
indicate the literally stable compounds (Table 1). The com-
plexes are insoluble in water and most common organic sol-
vents except DMF (dimethyl formamide) and DMSO.
3.2. Characterization
3.2.1. Microanalysis
The elemental analysis of the Schiff base ligand and its com-
plexes is listed in Table 1. The data obtained was in a good
agreement with the calculated values and show the formation
of 1:2 [Metal:Ligand] ratio.
3.2.2. Molar conductance
All the complexes were dissolved in DMSO and molar conduc-
tance measurements (km) of 1 · 103 M of their solutions at
room temperature were measured. The observed molar con-
ductance values of complexes are found in the range 8.5–
21.5 X1 cm2 mol1 (Table 1), suggesting the non-electrolytic
nature of all these complexes (Prakash et al., 2010).Table 2 Characteristic IR spectral data of the ligand L and its com
Compound IR spectra (cm1)
m(C‚N) m(M–O) m(M–N)
L 1610 – –
1 1559 470 509
2 1554 452 582
3 1536 409 516
4 1578 403 504
5 1545 417 514
a Hydrated water.
Table 1 Analytical and physical data of ligand L and its complexe
Compound Color MP (C) Found (Calcd.) (%)
C H N
L Yellow 153 67.87 (67.81) 3.78 (3.70) 3
1 Dark Yellow 204a 52.51 (52.47) 2.95 (2.86) 3
2 Green 165a 59.80 (59.82) 3.83 (3.76) 3
3 Stonewashed Green 180a 59.83 (59.80) 3.85 (3.76) 3
4 Dark Olive Green 171a 59.49 (59.46) 3.83 (3.74) 3
5 Light Yellow 187a 56.11 (56.07) 3.69 (3.53) 3
a Decomposition degree of corresponding complexes.3.2.3. Infrared spectra
The binding mode of the ligand to metal in the complexes, the
IR spectrum of the free ligand was compared with the spectra
of all the metal complexes (Table 2). The absence of bands
characteristic of the carbonyl group, m(C‚O) of 4-chlorobenz-
aldehyde and the amino group, m(–NH2) of free 2-amino-5-
chlorobenzophenone suggest that the complete condensation
takes place (Shakir et al., 2012). The IR spectra of the ligand
exhibit a strong band at 1610 cm1 due to m(C‚N) azomethine
group (Depuy and Rinehart, 1975). In IR spectra of com-
plexes, this band shifted towards lower frequency regions at
around 1536–1578 cm1, indicates that the azomethine nitro-
gen is one of the coordinating atom in the Schiff base (Pal
and Pal, 2002). The band observed at 1744 cm1 is character-
istic of the keto group ligand and on complex formation, this
band is shifted to lower frequency 1697–1668 cm1, indicating
the coordination of carbonyl oxygen to the metal ion which is
further supported by the formation of new bands in the regions
504–582 cm1 and 403–470 cm1 which are due to m(M–N)
and m(M–O) bands, respectively. The bands in the region
756–845 cm1 may be assigned to m(C–H) out of plane bending
of the aromatic ring and also bands in the region of 1405–
1476 cm1 and 1012–1091 cm1 may be assigned to m(C‚C)
aromatic stretching vibrations of the ring. In complexes 2–5,
the presence of coordinated water was suggested by broad
band at 3340, 3411, 3406 and 3412 cm1 respectively
(Fig. 1). The bands present at 615–697 cm1, assigned to
m(C–Cl) vibration.3.2.4. 1H NMR spectra
To understand the solution structure of the ligand, 1H NMR
spectra have been employed. The 1H NMR assignments are
listed in Table 3. The presence of a hydrogen atom at
8.57 ppm (singlet) in 1H NMR spectrum indicated the presenceplexes 1–5.
m(C–Cl) Phenyl ring vibrations m(OH–)a
650 1459, 1082, 753 –
686 1406, 1091, 777 –
694 1405, 1073, 845 3340
697 1476, 1034,783 3411
653 1455, 1039, 760 3406
615 1408, 1012, 756 3412
s 1–5.
km (X
1 cm2 mol1) Yield (%) [M+1]+
M
.97 (3.95) – – 69.03 354.0
.09 (3.06) 22.47 (22.63) 17.1 61.25 915.8
.51 (3.49) 7.40 (7.31) 19.1 62.00 801.0
.42 (3.49) 7.29 (7.34) 17.3 59.01 802.9
.53 (3.47) 7.81 (7.86) 21.5 68.02 806.2
.31 (3.27) 13.19 (13.12) 8.5 57.71 856.9
Table 3 The 1H NMR spectra of the ligand L.
L
d (ppm) No. of protons Assignment J (Hz) d (ppm) No. of protons Assignment J (Hz)
8.57 1 H s, H-100 0 – 7.51 2 H dd, H-20, 60 8.4, 1.6
7.72 1 H d, H-3 8.8 7.47 2 H t, H-30, 50 8.4
7.79 2 H d, H-300, 500 8.4 7.45 2 H d, H-200, 600 8.4
7.58 1 H dd, H-40 8.4, 1.6 7.43 1 H dd, H-4 8.8, 2.4
7.57 1 H d, H-6 2.4
Synthesis, characterization and antibacterial investigation of divalent metal complexes 325of azomethine proton in ligand L, and strengthened the idea
that product contains azomethine linkage. The signals ob-
served at 7.72–7.43 ppm are assigned to the aromatic ring pro-
ton of the ligand L.
3.2.5. Single crystal XRD
X-ray of the ligand L was carried out to study the stereochem-
istry of molecule and reported as Aslam et al. (2012a).
3.2.6. Mass spectra
The FAB (positive) mass spectra of the free ligand and its com-
plexes were recorded and used to compare their stoichiometric
composition. The free ligand shows a molecular ion peak
[M+1]+ at m/z 354.0, conﬁrms the theoretical molecular
weight. The observed molecular ion peaks for the complexes
are given in Table 1, supported the stoichiometry of metal to
ligand ratio to be 1:2. The elemental analysis values are also
in good agreement with these values.
3.2.7. Electronic spectra and magnetic moments
The electronic spectra were used for assigning the stereochemistry
of themetal ions in the complexes based on the number of d–d and
charge transfer transitions. The electronic spectral and magnetic
moment values (Table 4) suggesting a square planar geometryTable 4 Electronic and magnetic moment data of complexes 1–5.
Compound Electronic spectral
bands (cm1)
Magnetic moment
(B.M.)
Assignm
1 21500, 28750, 31600 1.95 1A1gﬁ
2 12200, 18550, 25500 3.13 3A2g(F)
3 9960, 17400, 21650 5.10 4T1g(F)
4 11600, 18350 1.79 2B1gﬁ
5 9550, 14550, 19150 5.14 4T1g(F)
Table 5 % Inhibition values of the ligand L and complexes 1–5 in
Name of bacteria aGentamicin (0.3%) L 1
Inhibition (mm) Inhibition (%) Inhibition (%
S. intermedius ++++ + ++
B. subtilis ++++ ++ ++
S. aureus ++++ + +
E. coli ++++ ++ ++
S. typhi ++++ + +
Staphylococcus intermedius (S. intermedius), Bacillus subtilis (B. subtilis
Salmonella typhi (S. typhi).
a Gentamicine: ++++, high; +++, good; ++, moderate; +, sign(Abdallah et al., 2010) for complex 1 and an octahedral geometry
for complexes 2–5, also supported by low value of molar conduc-
tance which indicates non-electrolytic nature of the complexes.
3.2.8. Suggested structural formulae of the complexes 1–5
Based on the analytical and spectral data, one can imagine that
the metal ions are bonded to the ligand via the nitrogen atom
of azomethine group and oxygen atom of carbonyl group, the
proposed structures of the complexes are illustrated in Fig. 1.
3.3. Antibacterial activity
For antibacterial activity, the investigated compounds were
tested against the bacteria; Staphylococcus intermedius (S.
intermedius), Bacillus subtilis (B. subtilis), Staphylococcus aur-
eus (S. aureus), Escherichia coli (E. coli) and Salmonella typhi
(S. typhi). The % inhibition values of the compounds are sum-
marized in Table 5. The results show that the metal chelates
are more active than the ligand, explained on the basis of
Overtone’s concept and chelation theory. According to the
Overtone’s concept, the lipid membrane surrounding the cell
allows the passage of only lipid-soluble materials, due to which
lipo-solubility is a vital factor controlling the antimicrobial
activity. On the basis of chelation, the reduced polarity ofent Geometry
1T1g, Charge transfer, Charge transfer Square-planar
ﬁ 3T2g(F), 3A2g(F)ﬁ 3T1g(F), 3A2g(F)ﬁ 3T1g(P) Octahedral
ﬁ 4T2g(F), 4T1g(F)ﬁ 4A2g(F), 4T1g(F)ﬁ 4T1g(P) Octahedral
2B2g,
2B1gﬁ 2E1g Octahedral
ﬁ 4T2g(F), 4T1g(F)ﬁ 4A2g(F), 4T1g(F)ﬁ 4T1g(P) Octahedral
the antibacterial assay.
2 3 4 5
) Inhibition (%) Inhibition (%) Inhibition (%) Inhibition (%)
+++ +++ +++ ++
+++ ++ +++ ++
++ +++ +++ +++
+ ++ + +
+ ++ ++ +
), Staphylococcus aureus (S. aureus), Escherichia coli (E. coli) and
iﬁcant.
326 M. Aslam et al.the metal ion due to the overlap of the ligand orbital and par-
tial sharing of the positive charge of the metal ion with donor
groups (Tweedy, 1964). For this reason, the complexes become
very stable due to delocalization of p-electrons. It enhances the
penetration of the complexes into lipid membranes and block-
ing of the metal binding sites in the enzymes of pathogens.
These complexes also interfere in the respiration process of
the cell and therefore block the synthesis of proteins, which re-
stricts further growth of the pathogens.
4. Conclusions
In the present work, divalent metal complexes of NO donor
type ligand derived from the condensation of 4-chlorobenzal-
dehyde with 2-amino-5-chlorobenzophenone and character-
ized by various spectroscopic and analytical techniques and
also observed stoichiometry of metal to ligand ratio (M:L) is
1:2 and its non-electrolytic nature has been deduced from con-
ductance data. A square planar geometry for complex 1 and an
octahedral geometry for complexes 2–5 have been assigned on
the basis of electronic and magnetic moment. The metal com-
plexes have higher antibacterial activity than the ligand.Acknowledgments
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